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riQURES 


about  decreased  yield.  Yields  were  highest  when  Cu  was  ap- 
plied at  the  rate  o£  6.96  hg/ha  and  P applied  at  the  rate 

Fertilizer  placement  interacted  with  Cu  rate  effects 
on  early  and  total  yields.  An  increase  in  Cu  application 
rate  from.D  to  B.96  kg/ha  resulted  in  increased  yields 
with  both  placements  but  yield  increased  164  percent  with 
the  broadcast  placement  and  only  92  percent  with  the  band 
placement. 

Total  yields  were  significantly  greater  with  ordinary 
superphosphate  as  Che  P source  than  with  either  diammonium 
phosphate  or  concentrated  superphosphate.  Yields  were  com- 
parable with  the  latter  two  7 sources. 

The  application  of  increased  rates  of  P resulted  in 
increased  P levels  in  plant  tissues  but  significantly 

harvest  stage.  The  application  of  increased  rates  of  Cu 


e levels  of  tissue  Cu  at  both  growth  stages 
but  decreased  tissue  P concentration  at  the  harvest  stage; 
Cu  application  had  no  effect  on  tissue  P level  during  the 
early  growth  stage. 

In  the  greenhouse,  dry  matter  yields  of  soil-grown 
plants  Increased  as  Cu  application  rates  increased  from  0 

resulted  in  increased  yields.  Reduction  in  dry  matter 
yield,  however,  was  obtained  with  P applications  higher 


solution  experiments,  optimum 


levels  of  Cu  anS  P were  found  to  be  approxlinately  0.02  end 
30  ppm,  respectively.  Plants  grown  with  only  the  anunonium 
form  of  N produced  much  less  growth  than  those  supplied 
with  only  the  nitrate  form  of  N. 


IKTBODUCTIOH 


aliie  of  vegotables  grown  (4B)  . In  1971,  over  fourteen 

!S  wore  planted  to  cucumbers  with  a prod%icbion 
e estimated  at  approximately  eleven  million  dollars. 
The  use  of  copper  {Cul  in  the  fertiliser  for  many 


crops  in  Florida  has  been  shown  to  be  essential.  With 
watermelons,  yield  increases  of  over  1,000  percent  have 
been  obtained  by  application  of  Cu  fS6).  There  is  however, 
a need  for  additional  information  on  the  use  of  Cu  for  ruxny 
crops.  Studies  regarding  Cu  requirement  of  cucumbers  have 


Phosphatic  fertilizers  affect  crop  utilization  of 
soil  Cu  (57,  91,  82).  Under  conditions  where  Cu  is  low, 
the  application  of  phosphorus  (P)  has  induced  Cu  deficiency 
resulting  in  reduced  crop  yields.  Other  wor)cers  have  shown 
that  the  effects  of  P on  Cu  availability  may  be  modified  by 
the  source  of  P (57)  and  fertilizer  placement  (59). 

The  objectives  of  this  study  were  as  follows:  (I)  to 

determine  the  effects  of  Cu  on  cucumber  production, (2)  to 
evaluate  the  effects  of  ? rates,  F sources  and  fertilizer 
placements  on  encumbers,  and  (3)  to 
interaction  between  P and  Cu. 


nutritional 


LITERATURE 


Copper  as  a Hicronutrient 

Prior  to  1927,  many  reaearchera  observed  that 
Bordeaux  sprays  (copper-lime  mixture}  often  stimulated 
vigor  and  yield  of  crops  that  were  not  associated  with  the 
control  of  fungus  disease  (33,  37) . Other  workers, 
particularly  McHargue  (€4),  reported  widespread  occurrence 
of  minute  amounts  of  Cu  in  plant  and  animal  tissues.  In 
1927,  Bortels  (13)  obtained  the  first  convincing  evidence 
that  Cu  was  an  essential  element  in  the  nutrition  of  lower 
plants.  In  the  same  year  researchers  in  the  Florida 

many  crops  as  a result  of  Cu  application  to  truck  soils  (1, 
30,  49).  In  1931,  Soinner  (80)  and  Lipnan  (54)  concluded 
fs>m  their  separate  studies  that  Cu  was  an  essential  element 
in  the  nutrition  of  higher  plants.  This  was  later  confirmed 

The  essentiality  of  Cu  in  higher  plant  nutrition  wae 
not  immediately  accepted  by  many  wor)ters  in  the  field. 

Raber  (71)  Indicated  that  the  requirement  of  plant  for  Cu 
could  be  due  to  indirect  influence  or  antagonistic  effect 
of  other  lone.  Hoagland  (40)  suggested  the  desirahility  of 
confirming  the  specificity  of  the  need  for  Cu  by  plants  and 


to  show  that  other  elecnents  capable  of  existing  in  several 
states  cannot  replace  Cu.  The  eXepticlso  prompted  Arnon 
(5)  to  look  once  again  into  the  essentiality  of  Cu  in  plant 
nutrition.  Ris  results  satisfied  then  the  three  criteria 
of  essentiality,  namely:  (1)  the  element  is  needed  for 
normal  growth  and  reproduction,  (2]  the  requirement  for  the 
element  is  specific  and  cannot  be  replaced  by  other 
elements,  and  fl)  the  need  for  the  element  is  direct  and 
not  due  to  toxicity  or  antagonism  by  other  elements. 

Physiological  Function  of  Cu 

The  roles  of  Cu  in  plant  metabolism  are  numerous, 
varied  and  complex.  Knott  (SO)  observed  that  onions  grown 
in  many  areas  of  muck  soils  in  New  York  were  frequently 
characterized  by  poor  color  and  thin  scales.  The  applica- 
tion of  Cu  sulfate  to  soils  corrected  the  undesirable  and 
abnormal  condition  of  the  onion  bulbs.  The  blue-hlaok  dis- 
coloration of  potato  tubers  was  in  part  corrected  by  Cu  ap- 
plication (67).  Other  workers  (51,  62)  reported  that  Cu 
was  essential  in  the  development  of  different  plant 
pigments  such  as  chlorophylls  and  carotenoids.  Copper  is 
also  believed  to  be  involved  in  protein  utilization  (16,  61) 
Biochemical  research  has  now  established  that  Cu  is 
the  prosthetic  group  in  several  metallo-proteln  oxidizing 
enzymes  such  as  polyphenol  oxidase  (tyrosinase) , ascorbic 
acid  oxidase  and  laccase  (5,  21,  35,  49,  66).  Arnon  (4) 
established  that  polypheiol oxidase  is  localized  in  ttie 


ohioroplastr  thus  confirming  that  Cu  is  necessary  in  photo- 
synthesis. Other  workers  reported  the  association  of  Cu 
with  many  enzymes  involved  in  the  electron  transport  system 

Salisbury  and  Ross  (76)  stated  that  Cu  is  a necessary 
component  of  plastocyanin.  In  addition  they  believed  that 
Cu  may  be  a part  of  nitrate  reductase  and  perform  a cata- 
lytic role  in  nitrogen  fixation. 

Deficiency  Symptoms  of  Cu 

According  to  Reuther  and  Labanauskas  (75),  symptoms 
of  Cu  deficiency  in  higher  plants  vary  with  species  and  pos- 
sibly with  other  factors.  The  Cu  deficiency  symptoms  in 
peaches,  plums,  citrus  and  apricots  include  cessation 
of  terminal  growth,  gum  pockets  under  bar)c,  defoliation, 
formation  of  multiple  buds  in  the  leaf  axil,  resetting,  and 
die-back  (1,  2,  23,  26,  «7) . 

Reed  (72)  and  Bailey  and  HcHargue  (6)  described  Cu 
deficiency  symptoms  in  tomatoes.  The  initial  symptom  was 
shown  by  the  mature  leaves  consisting  of  the  rolling  up  of 
the  leaflets,  appearance  of  chlorotic  areas  which  later 
turned  brown,  while  the  young  leaves  curled  badly  and 
shewed  symptoms  of  water  stress.  In  corn  and  sugar  beets, 
however,  initial  symptoms  of  Cu  deficiency  were  observed  on 
the  upper  leaves  and  on  the  axil  of  the  leaves,  respective- 
ly (B,  70). 

Locascio  and  Fiskell  (55)  described  symptoms  of  Cu 


deficiency  in  watermeiona.  The  early  eymptcnuB  conaisted  of 
upward  copping  and  crinkling  of  the  young  expanding  leaves 
and  necrosis  of  the  leaf  tips  during  expansion.  Later  and 
more  severe  symptoms  consisted  of  reduced  shoot  growth, 
shortened  internodes  and  small  serrated  leaves. 

According  to  Chapman  (18)  Cu-defleient  plants  general- 
ly have  less  than  A ppei  Cu  on  dry  matter  basis  while  the 
range  for  normal  growth  of  most  plants  is  between  5 to  20 


Reaction  of  Cu  with  Clay 

Copper  and  other  micronutrient  cations,  2n,  Fe  and  »n 
can  be  absorbed  on  the  clay  surface  by  electrcatatic  at- 
traction or  they  can  enter  into  specific  absorption  process 
thrcugh  covalent  bonding  to  certain  functional  groups  on 
the  clay  surface  (25).  In  addition,  these  cations  can 
enter  into  crystal  lattices  of  layer  silicates  by 
isomorphic  substitution. 

Copper  entering  the  crystal  lattices  by  isomorphic 
substitution  is  fixed  Cu;  in  this  form,  it  is  hardly 
removed  by  extraction  with  neutral  aalts  (39,  69).  Cu  in 
that  state,  however,  may  be  extracted  )sy  the  use  of  acid 
(15)  or  it  can  be  brought  into  solution  by  lowering  the 
soil  pH  (70,  73) . 

The  availability  of  Cu  is  also  adversely  affected  by 
excessive  application  of  lime;  such  liming  results  in  the 
formation  of  precipitates  of  cupric  hydroxide  and  cupric 


carbonates  which 


readily  available  to  plants 


Copper  in  the  exchange  sites  may  exist  as  the  divalent 
cupric  ion,  or  as  the  ncmovalent  cupric  ion,  CuOH*, 

depending  upon  the  pH  of  the  solution  (85).  In  the  acidic 
pH  range,  Cu  is  hydrolysed  and  held  on  surfaces  as  CuOH*** 

(14,  24),  In  the  mildly  acid  system,  however,  hydrolysis 
is  relatively  unimportant.  At  pH  6,  the  Cu^*:  CuOH*  ratio 
is  approximately  lOO:  1.  it  can  be  inferred  from  the 
observation  of  Krauskopf  (51)  that  in  the  pH  range  at  whioh 
most  economic  crops  are  grown,  Cu  in  soils  is  probably 
present  chiefly  as  the  absorbed  Cu^*  ion. 


Organic  Matter 


The  ability  of  organic  matter  to  form  stable  complexes 
with  metal  ions  and  its  high  capacity  to  fix  micronutrients 
particularly  Cu  has  been  well  established  (42,  53,  79). 
Schnltzer  and  S)cinner  (79)  stated  that  the  stable  organo- 
metal  cconplex  is  due  to  the  formation  either  of  electrO' 
static  or  covalent  bondings  or  both  between  the  metal  ions 
and  the  ligands.  A later  study  indicated,  however,  that 
the  stability  of  metallo-organo  complex  is  due  to  the  Fous 
effect  or  coiling  of  the  organic  polymer  (68) . 

Hodgson  (42)  reported  that  organic  soils  are  among 
those  most  commonly  deficient  in  Cu.  This  occurs  since 
their  Cu  content  is  frequently  low  and  their  capacity  to  fix 
Cu  is  high.  Hodgson's  statement  conveyed  the  idea  that  the 


formation  of  organo-metal  complexes  make  the  metal  unavail- 
able to  plants.  However,  in  a later  work  by  Hodgson  et  al. 
(43),  it  was  found  that  organic  complexing  increased  the 
total  Cu  concentration  in  solution  by  a factor  of  100. 

Gupta  OB]  demonstrated  that  the  addition  of  organic  matter 
to  soil  can  increase  exchangeable  Cu.  It  was  also  shown  by 
Bear  {7)  that  ocgano-metal  complexes  of  humic  acid  con- 
tained Cu  which  is  available  to  oat  plants  In  addition  to 
Cu  that  ia  not  available. 

h recent  review  by  Stevenson  and  Ardakani  (83)  on 
organic  matter  reactions  with  micronutrients  in  soil  has 
clarified  soma  of  the  conflicting  roles  of  organic  matter 
regarding  availability  of  micronutrients.  According  to 
these  workers,  metals  in  soil  that  occur  in  insoluble  combi- 
nations with  organic  matter  are  largely  thoae  that  are 
bound  to  cemponents  of  the  humic  acid  fraction,  particular- 
ly humic  acids,  while  the  metals  found  in  soluble  complexes 
are  mainly  those  associated  with  individual  biochemical 
molecules  such  as  organic  acids. 


P Interactions 


It  has  been  observed  by  many  workers  that  the  appli- 
cation of  inorganic  F to  orchards  and  vegetable  crops  some- 
times results  in  the  appearance  of  symptoms  which  became 
known  by  the  term  ammoniation  and  which  are  now  recognised 
aa  Cu  deficiency  symptoms. 


earliest  works  relating 


actions  was  conducted  in  Florida  by  Forsee  and  Allison  (3' 
These  workers  reported  that  as  P from  superphosphate  was 
creased,  Cu  contents  of  the  leaves  and  fruit  juice  of  oit 
was  decreased.  Erwin  (27)  made  a siailar  report.  He  tou 
that  increasing  P in  the  soil  decreased  Cu  in  the  plant, 
increased  Cu  in  the  soil  leachate.  He  added,  however,  th 
the  increase  of  Cu  in  the  leachate  was  only  true  up  to  a 
certain  level  of  P beyond  which  Cu  in  the  leachate  was  al 


depressed.  The  observation  that  excessive  application  of  P 
induced  Cu  deficiency  in  many  crops  has  been  confirmed  by 
many  workers  (9,  10,  11,  52,  74,  81,  82,  89).  Locaseio  et 
al.  (57)  presented  additional  Information  pertaining  to  Cu- 
P interactions.  These  workers  found  that  P source  also 
contributed  to  this  interaction.  Their  observation 
indicated  that  P from  diammonium  phosphate  (DAP)  depressed 
Cu  uptake  more  ttum  that  from  either  concentrated  super- 
phosphate (CSP)  or  ordinary  superphosphate  (OSP) . 

There  is  a lack  of  agreement  among  workers  alwut  t)ie 


nature  of  Cu-P  interactions.  The  earlier  consensus  among 
workers  was  that  P.  when  present  in  high  amount,  would  fix 
Cu  caking  it  less  available  to  plants  (44).  Forsee  and 
Allison  (34)  believed  that  the  P influence  on  Cu  was  not 
in  the  nature  of  straight  fixation  but  could  be  an  indirect 
effect.  The  idea  of  Cu  fixation  by  P was  disputed  by 
Jamison  (44).  This  worker  found  that  Cu  was  lucre  soluble 
in  the  presence  of  superplussphate  than  in  soil  alone.  It 


ly  tied  up  active  phosphate  group  had  no  effect  on  Cu  fixa- 
tion [45) . In  another  study  by  Jamison  [46)  , it  was 
observed  that  the  amount  of  Cu  leached  from  the  soil  was 
not  affected  by  the  rate  of  P application. 

The  idea  of  P-indueed  Co  fixation  was  also  disputed 
by  Peeeh  (69).  In  his  study  of  ion  availability  as  in- 
fluenced by  soil  reactions,  he  found  that  P appeared  to 
have  no  relationship  to  Cu  fixation. 

Dehock  et  al.  (22)  observed  Cu-P  interactions  in  oats. 
The  application  of  high  amounts  of  P to  oats  induced  Cu  de- 
ficiency. They  suggested,  however,  that  the  aggravation  of 
Cu  deficiencies  with  the  application  of  P was  doe  to 
increased  growth  of  plants  and  higher  demand  for  Cu.  These 
wor)ters  also  found  that  N application  could  also  enhance  Cu 
deficiencies. 


Fertilizer  Placements 


According  to  Comings  et  al.  (20),  considerable  Injury 
to  germinating  bean  seeds  was  caused  by  improper  placement 
of  fertilizer  materials.  Sayre  (77)  found  that  the 
greatest  injury  to  germination  occurred  when  fertilizer  was 
placed  in  direct  contact  with  the  seeds. 

Thompson  (84)  reported  that  broadcast  method  of 
fertilizer  application  is  preferable  to  applying  fertiliz- 
ers in  hills.  He  added  that  for  medium  to  large  applica- 
tions (above  976  kg/ha),  it  is  not  advisable  to  apply 
fertilizers  in  hills  or  in  narrow  strips  because  of  the 


hills 


danger  of  injury  to  roots.  A similar  report  was  made  by 
Hatts  and  Watts  (88).  They  stated  that  fertilizers  are 
broadcast  in  crops  that  are  planted  in  rows  and  whenever 
large  application  rates  are  made. 

Recent  findings  confirmed  that  the  effect  of  ferti- 
lizer placement  is  dependent  upon  rate  of  application, 
method  of  planting  and  kind  of  crops.  Ixscaseio  et  al.  (58) 
found  that  at  fertilizer  rate  of  1,690  kg/ha,  watermelon 
yields  at  both  band  and  broadcast  placements  were  compar- 
able. At  higher  fertilizer  rate  (3,360  kg/ha)  yields  in- 
creased by  40  percent  when  fertilizers  were  applied 
broadcast  but  yield  increased  only  by  18  percent  when  the 
fertilizers  were  banded.  In  a later  study  by  Locascio 
et  al.  (59),  it  was  found  that  plant  growth  and  yield  were 
enhanced  by  broadcast  applications  of  either  N-P-K  or 
micronutrients.  Crop  response  particularly  to  mieronutri- 
ents  was  believed  due  to  increased  efficiency  of  utiliza- 
tion with  the  broadcast  placement  and  to  toxicity  with  the 
band  placement.  Soluble  salts  levels,  according  to 
Fisjrell  et  al.  (31)  were  consistently  much  higher  in 
banded  than  in  broadcast  areas. 

The  behavior  of  phosphatic  materials  when  applied  to 
the  soil  was  studied  by  Cooke  (19).  He  concluded  that 
water  soluble  phosphates  are  effective  if  formulated  into 
granular  form  instead  of  powder  and  if  applied  in  bands. 
Insoluble  phosphates  on  the  other  hand  are  most  effective 
when  formulated  in  powder  form  and  applied  broadcast. 


MATERIALS 


METHODS 


Data  were  obtained  from  two  field  experiments  and 
from  four  gruenhouBe  experimcnte . In  all  experiments  the 
'Poinsett'  cultivar  of  cucumber  was  used  as  the  teat 


Two  similar  experiments  were  conducted  in  1971  and 
1972  on  two  adjacent  newly  cleared  areas  of  Leon  fine 
sand  at  the  Horticultural  Unit  in  Gainesville.  The  soil 
pH  was  approximately  3.9  and  the  organic  matter  content 
was  approximately  3.2  percent.  Native  soil  P was 
approximately  5.5  kg/ha  while  soil  Cu  was  about  1 ppm. 
The  treatments  were  80  factorial  combinations  of  three  P 


112  kg/hai  four  Cu  rates,  0,  2.24,  4.48,  and  9.96  kg/ha: 
and  two  fertilizer  placements,  band  and  broadcast. 

All  fertilizer  treatment  formulations  received  N at 
the  rate  of  134  kg/ha,  one-fourth  of  which  was  in  nitrate 
form,  and  three-fourths  was  in  the  ammonium  form,  and  134 
kg/ha  of  K equally  from  muriate  of  potash  and  sulfate  of 

block  design  with  three  replications. 
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In  1971,  the  field  was  limed  one  week  before  planting 
and  in  1972  liming  was  applied  a month  before  planting. 
Liming,  at  the  rate  of  9,000  kg/ha  CaCOg,  raised  the  pH  to 
approximately  5.5.  In  both  experiments,  the  fertilizer  was 
applied  before  planting  on  beds  1.5  m apart.  With  the  band 
placement  the  fertilizer  was  applied  by  hand  on  a single 
furrow  located  approximately  6.4  cm  deep  and  6.4  cm  to  the 
sMe  of  bed  center.  In  the  broadcast  placement,  the  ferti- 
lizer was  applied  by  hand  on  the  entire  bed  surface  and  in- 
corporated to  a depth  of  approximately  18  to  20  cm. 

The  'Poinsett'  seeds  were  planted  in  a single  row  in 
the  bed  center  with  the  use  of  a Planter  Junior  seeder. 
Seedlings  were  thinned  to  one  every  61  cm  of  row.  At  the 
last  thinning  (30  days  after  seeding),  the  plants  were  side- 
dressed  with  34  kg/ha  N in  the  form  of  ammonium  nitrate. 

The  first  fruits  were  harvested  approximately  55  days 
after  planting.  Sxibsequcnt  harvests  were  made  at  3 to  4 
days  intervals.  A total  of  eight  harvests  were  made  in 
1971  and  five  harvests  in  1972.  Weights  of  marketable 
fruits  were  taken.  The  yields  obtained  in  the  first  three 
harvests  were  added  together  for  early  yield  determinations. 

Whole  plant  samples  were  collected  for  tissue 
analyses,  30  days  after  planting.  At  harvest,  mature 
leaves  were  taken.  Plant  tissues  were  oven-dried  and 
ground  with  a Wiley  mill.  Two-gram  samples  of  the  ground 
tissues  were  dry-ashed  at  approximately  550*C.  The  ash 
was  dissolved  in  1 N hydrochloric  acid  (BCD . The  solu- 


tilterea 


collected  ii 


a 50-ml  volumetric  flask  and  the  volume  of  the  filtrate  was 
adlUBted  to  50  ml  with  IJJ  HCl.  Afterwards  a 25-ml  aliquot 
was  taken  and  evaporated  to  dryness  on  a hot  plate. 

The  volume  was  then  brought  back  to  10  ml  with  IN  HCl. 
This  extract  was  taken  to  the  Analytical  Research 
Laboratory,  Soil  Science  Department,  Oniverslty  of  Florida, 
Gainesville,  where  Cu  and  Fc  were  determined  by  an  atomic 
absorption  spectrometer.  P was  determined  colorimetrically 
by  phosphomolybdate  method. 


Greenhouse  Experiments 


Four  greenhouse  experiments  were  conducted  in  1972 
and  1973.  Two  of  the  experiments  were  conducted  using  soil 
and  two  using  nutrient  solutions.  'Poinsett'  cucumbers 
were  grown  in  all  greenhouse  experiments. 


soil  Culture  Experiments 

In  1972,  the  treatments  were  factorial  combinations 

15,  30,  60  and  120  ppm.  Treatmenta  were  replicated  three 
times.  In  1973,  the  treatments  were  the  factorial  combi- 
nations of  three  Cu  rates:  0,  1 and  2 p^  and  four  P rates: 
15,  30,  60  and  120  ppm.  In  both  experiments,  the  source 
of  Cu  was  copper  sulfate  <25. 4t  Co)  while  P was  obtained 
equally  from  di-  and  monosodium  phosphate.  Each  treatment 
received  calcium  oxide  at  the  rate  of  1000  ppm.  The  soil 


was  from  a virgin  field  of  Leon  fine  sand.  It  was  obtained 
from  an  area  adjacent  to  where  the  first  field  experiment 
was  conducted.  The  soil  was  tahen  from  the  top  IB-cm  depth 
of  the  profile.  It  was  air-dried  and  cleaned  of  debris. 
The  required  fertiliser  per  treatment  was  added  to  50  leg 
of  soil  whioh  was  divided  equally  in  three  crooks  for  the 
three  replications.  In  the  1973  experiment,  a similar 
procedure  was  followed  except  that  a smaller  pot  was  used 
and  the  fertilizer  was  applied  in  solution  form.  The 
measured  solution  was  applied  to  the  soil  with  the  use  of  a 
small  hand  sprayer.  The  soil  which  was  spread  thinly  on  a 
plastic  sheet  was  stirred  while  the  solution  was  being  ap- 

After  applying  the  fertilizers,  the  soil  was  placed 
in  pots,  labelled  and  taken  to  the  greenhouse.  In  both 
experiments,  fertilizers  were  applied  only  prior  to  plant- 

Cucumber  seeds  were  planted  immediately  after  apply- 
ing the  treatments.  Four  seedlings  were  maintained  per 
pot  in  the  1972  experiment.  In  1973,  there  were  two 
seedlings  per  pot.  The  plants  were  kept  until  they  reached 
the  flowering  stage.  At  flowering,  fresh  and  dry  weights 
of  the  whole  plant  minus  the  roots  were  determined.  In 
addition,  the  whole  plant  was  analyzed  for  Cu,  P,  and  Fe 
using  the  extraction  and  analytical  methods  described  for 


Solution  Culture 


The  first  solution  culture  experiment  was  conducted 


in  1972,  and  the  second,  in  1973.  In  the  1972  experiment, 
the  treatmente  were  factorial  combinations  of  three  Cu 


and  120  ppm.  The  source  of  Cu  was  copper  sulfate  (25. 4»  Co) 
and  P was  supplied  equally  from  mono-  and  disodium 
phosphate.  The  experimental  design  was  a randomized  block 
with  three  replications.  The  nutrient  solutions  were 
prepared  based  on  Hoagland  solution  No.  1 (41)  with  Cu  and 
P rates  being  varied  as  listed  above. 

In  the  1973  experiment,  P rates  ware  30,  60  and  120 


1972  experiment  (0,  0.02  and  0.2  ppra) . In  addition,  N 
source  ammonium  (NHt)  and  nitrate  (HO3) , was  introduced  as 
a variable.  A split-plot  design  with  factorial  subplots 
was  used.  Sources  of  N were  the  main  plots  and  factorial 
combinations  of  Cu  and  P rates  were  the  subplots. 

Solutions  were  placed  in  gallon-size  plastic 
containers  painted  black  on  the  outside.  A piece  of  15  x 
15  X 0.6-cm  plywood  drilled  with  four  2-om  holes  around 


the  center  was  used  to  hold  seedlings  on  top  of  the 
container.  The  composition  of  the  basic  solution  is 


presented  in  Table  1. 

When  the  seedlings  were  4 to  5 cm  tall,  they  were 
transferred  to  the  nutrient  solutions.  Cotton  was  wedged 


Table  1.  Composition  of  the  basic  solution  for  the 
greenhouse  (solution  culture)  experiment* 


Nol  solution 

NhT  solution 

H KNOi 

O.S  M KjSO, 

M Ca(N03)2 

O.S  H CaCl; 

H MgSO^ 

M (HH4I2SO4 

NO-  solution 

Millieguivalcnts 

K MG  Ca  NOv-H  NH^-N  SO4  CL 
5 4 10  IS  0 4 0 

NH^  solution 

S 4 10  0 15  24  10 

*P  and  Cu  wer, 

3 variables.  All  micronutrlents  except  Cu 

were  held  oonstant.  pH  of  the  solutions  was  approximate- 
ly 6.0. 


around  the  steins  to  keep  the  seedlings  upright.  The  solu- 
tions were  changed  once  a week.  At  flowering  stage,  the 
fresh  and  dry  weights  of  the  above-ground  portion  of  the 
plants  were  determined,  whole  plant  samples  were  ground 
and  analysed  for  Cu,  P and  Fe  following  the  extraction  and 
analytical  methods  described  previously.  In  addition, 
analyses  were  made  for  Ca  and  Hg  by  atomic  absorption 
method  and  K by  the  flame  emission  method. 

Statistical  Analyses 

statistical  analyses  of  the  field  experiments  and 
the  1972  greenhouse  experiments  were  performed  by  the 
Statistical  Laboratory  of  the  Agricultural  Experiment 
Station,  Institute  of  Food  and  Agricultural  Sciences 
(IFAS),  Gainesville.  The  statistical  analyses  of  the  1973 
greenhouse  experiments  were  performed  by  the  author. 


RESULTS 


1971  Field  Experiment 

Variations  due  to  soil  factors  were  evident  in  the 
experiment.  In  some  cases  treatment  effects  were  modified 
by  the  variability  of  the  soil.  About  three  weeha  after 
planting,  Cu  deficiency  symptoms  became  apparent  on  treat- 
ments without  Cu.  At  the  same  time  toxic  effects  of  Cu 
were  observed  on  the  band  treatments  with  high  Cu  and  oc- 
curred more  frequently  where  P was  not  applied  or  applied 


The  initial  symptoms  of  Cu  deficiency  were  chlorosis 
and  cupping  or  rolling  of  the  leaf  edges  and  plants 
appeared  to  be  under  water  stress.  Chlorosis  progressed 
from  tho  tip  to  the  base  of  the  leaf  in  the  interveinal 
area.  Complete  cessation  of  terminal  growth  was  often 
apparent  at  this  stage.  At  a more  advanced  stage,  necrosis 
developed  on  the  chlorotic  areas  usually  starting  at  the 
leaf  margin  (Figure  1) . 

Early  Yields 

Table  2 shows  the  effects  of  Cu  and  P applications 
on  early  marketable  yields  of  cucumbers.  Yields  increased 
with  increased  rates  of  Cu  applications.  The  increase  in 


Figure  1.  Cucurrber  plants  showing  symptoms  of  Cu  deficien- 
cy. (A)  A nature  leaf  that  shows  initial  symptoins  of  Cu 
deficiency.  Note  necrosis  of  the  edges  of  the  leaf.  (B)  A 
plant  that  exhibits  more  advanced  symptons  of  Cu  deficiency. 
Cupping  and  necrosis  of  the  edges  of  the  leaves,  interveinal 
chlorosis  and  cessation  of  terminal  growth  are  prominent  on 
a Cu-deficient  plant. 


Table  2.  Effects  of  Cu  and  P rates  on  the  early  yields  of 
cucirobers,  1971 


Cu  ratey,  kg/ha 


^Hean  P rate  effects  were  linear  at  the  1%  level. 
VMean  Cu  effects  were  linear  at  the  S9  level. 


yield  with  Cu  rates  was  significantly  linear  (Table  3) . At 
Co  rates  of  0,  2.24,  4.46  and  8.96  Xg/ha  yields  were  0.73. 
3.10,  3.48  and  4.59  metric  tons/hectare  (t/ha) , respec- 

The  yield  response  to  Cu  was  independent  of  P rates 
or  sources  (Table  31.  It  may  he  noted,  however  (Table  2), 
that  at  a Cu  rate  of  8.96  kg/ha,  the  yield  was  aero  where 
P was  not  applied.  When  P application  was  increased  to 
112  kg/ha,  yield  was  increased  to  6.85  t/ha.  The  main  ef- 
fect of  P rates  on  yield  was  linear  (Tables  2 and  3| . Yield 
increased  with  increased  rate  of  P applications. 

No  interaction  between  Cu  rates  and  P sources  was 
found  on  yield.  similarly,  the  interaction  between  Co 
rate  and  fertilizer  placement  on  yield  was  not  significant. 
However,  main  effects  of  P sources  and  fertilizer  place- 
ments on  early  yield  were  significant.  Among  the  three  P 
sources,  yield  response  with  ordinary  superphosphate  was 
significantly  higher  than  that  with  concentrated  super- 
phosphate or  dtammonium  phosphate.  Main  effects  of  P 
source  and  placement  on  early  yields  are  shown  in  Table  4. 
Significantly  higher  yields  were  obtained  from  treatments 
with  broadcast  fertilizer  applications.  Yields  with  the 
broadcast  placement  produced  a mean  of  3.94  tAa  compared 
to  2.01  t/ha  for  banded  fertilizers. 


Table  4.  Effects  of  P sources  and  fertiliser  placement  on 
the  early  yields  of  cucumbers,  1971 


Fertiliser  placement^ 


^Difference  between  OSP  and  CSP  was  significant  at  the  5% 
level.  Yield  difference  between  CSP  and  DAP  was  not 
significant. 

yoifference  between  placements  was  significant  at  the  It 


The  effects  of  Cu  and  P rates  on  total  yields  are 
shown  in  Table  5.  Total  yields  increased  with  Cu  applica- 
tions- An  increase  in  Cu  application  from  0 to  8.96  leg 
per  hectare  increased  the  total  yields  from  3.59  to  15.22 
t/ha.  The  effect  of  Cu  rate  on  total  yield  was  both 
linear  and  quadratic. 

Interactions  between  Cu  rates  and  P rates  or  P 
sources  on  total  yield  were  not  significant.  However,  the 
interaction  between  Cu  rate  and  fertilizer  placement  was 
significant  (Table  6).  With  both  band  and  broadcast  place- 
ments, total  yields  increased  with  increased  Cu  applica- 
tions. However,  the  increases  in  total  yields  with  Cu  ap- 
plications were  significantly  greater  with  the  broadcast 
placement.  Mean  yields  at  Cu  rates  of  0,  2.24,  4.48  and 
8.96  hg/ha  with  the  band  placement  were  3.12,  8.20,  6.54 
and  10.60  t/ha,  respectively,  and  with  the  broadcast 
placement  total  yields  were  at  4.10,  12.91,  16.34  and  19.83 
t/ha.  respectively. 

The  main  effect  of  P rates  on  total  yield  was 
quadratic.  There  was  a large  increase  in  total  yield  as  P 
application  was  increased  from  0 to  28  kg/ha.  A further 
increase  in  P applications  resulted  in  a negligible  in- 
crease in  total  yields:  at  P rates  of  56  and  112  kg/ha, 
total  yields  were  10.95  and  10.75  t/ha,  respectively. 

The  mein  effects  of  P sources  on  total  yields  were 


Btteets  of 


total  yields 


Cu  rates',  kg/ha 


^Mean  P rate  effects  were  quadratic  and  cubic  at  the  5% 
and  1%  levels,  respectively. 

^Mean  Cu  rate  effects  were  linear  and 
and  5%  levels,  respectively. 


quadratic 


Table  6.  Copper  rate  and  placement  interaction  effects  on 
total  fruit  yields  and  on  tissue  Cu  concentrations  30  days 
after  planting,  1971 


^Difference  between  placement  significant  at  the  5t  (*) 


fertilizer 


also  significant.  The  effects  of  P sources  and 
placenient  on  total  yields  are  presented  in  Table  7.  Yields 
obtained  «ith  OSP  were  significantly  higher  than  treatment 
yields  with  either  DAP  or  CSP.  Yields  obtained  with  DAP 
and  CSP  were  comparable. 

Main  effects  of  fertilizer  placements  on  total  yields 
were  also  significant.  Total  yields  with  broadcast  place- 
ment were  significantly  higher  than  total  yields  obtained 
with  the  band  placement.  A mean  total  yield  of  7.12  t/ha 

h the  band  placement  and  13.33 


t/ha  with  the  broadcaat  placement. 

An  interaction  between  P rates  and  P sources  on  total 
yield  was  significant  (Table  81 . At  the  lower  rates  of  P/ 
no  difference  In  treatment  yield  waa  found  among  P sources. 
But  at  the  highest  P rate  (112  hg/ha) . total  yield  with  OSP 
was  significantly  higher  than  with  DAP  and  CSP. 


Mineral  Composition  of  Plant  Tisauea  30  Oaya  After  Planting 


fertilizer  placements  i 


-B  presented  in  Table  9,  a 
Tables  10  and  11.  The  ap 
soil  resulted  in  a linear  increase  in  ti 
With  no  Cu  applied  to  the  soil,  foliar  C 


mean  of  S.7  ppei.  At  Cu  rates  of  2.34,  4.48  and  8.96  kg/ha, 
tissue  Cu  levels  were  B.l,  8.6  and  10.2  ppm,  respectively. 
Copper  application  to  the  soil,  however,  had  no  effect  on 
tissue  P ooncentrations,  but  did  affect  Pe  concentration  in 


Table  7.  Effects  of  P source  and  fertiliser  placement  on 
the  total  yield  of  cucumbers,  1971. 


Total  yield 
t/ha 


14.22 


Fertilizer  placement^ 


Broadcast 


13.33 


^Difference  between  OS?  and  CSP  was  significant  at  the  1% 
level.  Difference  between  CSP  and  DAP  was  not  significant. 

^Difference  between  placements  was  significant  at  the  It 


Table  e.  Effects  of  f sources  and  P rate  interactions 


Table  9.  Main  effects  of  7 rate,  Cu  rate  ana  fertilizer 
placement  on  mineral  composition  of  plant  tissues,  1971 


10.9  0.49  134 


0.94  91 


91 


Cu  rates,  kg/ha 


C** 


*Rate  effects  were  linear  (L) , quadratic  (Q1 , and  cubic  (C) 
at  the  5%  {*)  and  19  {**)  levels  of  significance. 


^Difference  between  placements  significant  at  the  5»  (*) 


ii 

S K 

II 

ii 


effects  of 


spplicacion 


the  plant  tissues.  The 
Fe  levels  in  the  tissues  followed  a cubic  pattern.  Cu 
rates  from  0 to  2.24  kg/ha  decreased  Fe  levels  from  133  to 
123  ppm.  Increasing  soil  Cu  application  rate  to  4.46  kgA* 
brought  up  tissue  Fe  level  to  134  ppm.  But  a further 
increase  in  soil  application  resulted  in  decreased  Pe  levels 
in  the  tissues.  Soil  application  of  P decreased  both  the 
Fe  and  Cu  concentrations  in  the  plant  tissues,  but  resulted 
in  increased  concentration  of  tissue  P. 

Tissue  P concentrations  were  not  affected  by  ferti- 
liser placement:  P concentrations  at  both  placements  were 
similar.  Tissue  Cu  level^s  were  significantly  higher  with 
the  broadcast  placement. 

Mineral  Composition  of  Leaf  Tlssuee  at  Harvest 

The  treatments  induced  significant  variations  in  the 
tissue  levels  of  Cu,  P and  Fe  at  harvest  (Tables  9 and  11). 
The  application  of  Cu  to  the  soil  resulted  in  increased 
tissue  Cu  concentrations  but  decreased  the  tissue  concen- 
trations of  P and  Fe.  The  application  of  P to  the  soil  on 
the  other  hand  increased  tissue  P but  decreased  tissue  Cu 

Concentrations  of  Cu  in  the  leaf  tissues  were 
significantly  higher  with  broadcast  placement  than  with 
band  placement.  However,  the  concentrations  of  P in  the 
leaf  tissues  were  higher  with  the  band  placement  than  with 


broadcast  placement. 


RelattonBKlpg  between  Yields 


Kineral  Cowpogition  of 


The  correlation  coefficients  between  yields  and 
isineral  concentrations  in  the  plant  tissues  at  two  sainpl- 
ing  dates  are  presented  in  Table  12. 

Positive  correlations  were  found  between  early 
yields  and  tissue  Cu  levels  at  both  sampling  dates.  The 
correlation  between  early  yield  and  tissue  P concentra- 
tions at  30  days  after  planting  was  also  significantly 
positive.  However,  at  harvest,  the  correlation  between 
tissue  P levels  and  early  yield  was  negative.  The  Pe 
tissue  levels  at  both  sampling  dates  did  not  correlate 
with  early  yields. 

Early  yields  were  positively  correlated  with  total 
yields.  Positive  correlations  between  total  yields  and 
tissue  Cu  levels  at  both  sampling  dates  were  also  signifi- 
cant. Ko  correlation,  however,  was  found  between  total 
yields  and  tissue  P concentrations  at  30  days  after  plant- 
ing. At  harvest,  tissue  P levels  were  negatively 
correlated  with  total  yields.  Again,  there  was  no  corre- 
lation between  total  yields  and  tissue  Fe  concentrations 
at  both  sampling  periods. 

Correlations  of  Levels  of  Mineral  Elanants  in  the  Plant 


At  30  days  after  planting,  correlation  between 
tissue  Cu  levels  and  tissue  P levels  was  positive.  However, 
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Table  12.  Correlation  between  early  and  total  yields 
mineral  composition  of  plant  tisauea  at  two  sampling 


Early  yield 

30  days  after  planting 


Total  yield Early  yield 

Correlation  coefficients,  r 
0.7733** 


0.1597‘ 

-0.0042 


^Significant 


levels  in  the 


at  harvest  the  correlation  of  the  Cu  and  P 
tissues  was  negative.  Correlation  between  P and  Fe  levels 
in  tissues  30  days  after  planting  was  negative.  At 
harvest,  the  correlation  between  the  levels  of  P and  Fe  in 
the  tissues  was  positive  (Table  13) . 

1972  Field  Experiment 

The  experinental  area  for  this  experiment  was  more 
uniform  than  that  for  the  preceding  year.  This  was  indi- 
cated by  the  fairly  uniform  crop  growth  in  all  bloohs. 
Symptoms  of  Cu  deficiency  developed  at  a later  period 
compared  to  that  of  the  previous  year's  experiment.  De- 
fioiency  symptoms  were  observed  about  a month  after  plant- 
ing on  treatments  that  received  high  P rates  and  where  no 
or  low  Cu  was  applied. 


Early  Yields 

The  soil  application  of  Cu  resulted  in  increased 
early  yields.  The  increase  in  yield  in  relation  to  Cu  ap- 
plication was  significantly  linear,  quadratic  and  cubic 
indicating  that  at  some  point  the  application  rate  of  Cu 
had  exceeded  crop  requirement.  The  effects  of  Cu  and  P 
rates  on  early  yield  are  shown  in  Table  14.  The  applica- 
tion of  2.24  kg  Cu/ha  resulted  in  an  increase  in  early 
yield  of  about  100  percent.  Further  increases  in  Cu 
produced  only  a slight  increase  in  early  yield.  With  no 
Cu.  moan  yield  was  7.03  t/ha.  The  application  of  2.24  kg 


Table  14.  Effects  of  Cu  and  P rates  on  the  total 


Kg/ha 


13.44  9.44  9.23 


17.14  14.34 


*Mean  P rate  effects  were  quadratic  at  the  13  level. 

'’Mean  Cu  rate  effects  were  linear,  quadratic  and  cubic  at 
the  13  level  of  significance. 


Cu/ha  increased  yields  to  14.41  t/ha.  Cu  applications  of 
4.49  and  8.96  kg/ha  produced  nean  yields  of  14.73  and  15.47 
t/ha,  respectively. 

An  interaction  between  P rates  and  Cu  rates  on  early 
yield  was  significant.  A reduction  in  yield  occurred  when 
either  P or  Cu  was  limiting.  Highest  yield  was  obtained 
with  application  of  56  kg  P/ha  and  8.96  kg  Cu/ha. 

Fertiliser  placements  also  interacted  with  Cu  effects 
(Table  15).  Without  Cu,  yields  with  both  placements  were 
the  sane, but  at  higher  Cu  rates,  yields  between  fertiliser 
placements  were  significantly  different.  With  the 
broadcast  placement,  an  increase  in  Cu  application  from  0 
to  8.96  kg/ha  increased  early  yields  by  approximately  266 
percent.  But  with  the  band  placement,  Cu  application 
beyond  2.24  kg/ha  only  brought  a alight  increase  in 
yield.  At  the  highest  rate  of  Cu  (8.96  kg/ha),  yield  was 
even  slightly  decreased. 

Main  effects  of  P sources  on  early  yield  were  not 
significant.  Similar  yield  was  produced  with  all  three  P 
sources  (Table  16). 

Main  effects  of  fertiliser  placement  on  early 
yields  were  significant.  Treatment  yields  with  the  broad- 
cast placement  were  significantly  higher  than  the  yields 
of  those  treatments  which  received  banded  fertiliser. 


The  effects  of  Cu  rate  on  total  yields  were  linear, 
quadratic,  and  cubic  (Table  17) . The  main  effects  of  Cu 
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t/ha 

12.96 

12.57 


^Diffe 


very  large  increase 


yield  was  obtained  with  the  application  of  2.24  kg  Cu/hai 
beyond  this  rate  of  application  however,  only  slight  in- 
creases in  yield  were  obtained. 

Phosphorus  and  Cu  rates  interacted  in  their  effects 
on  total  yields  (Table  IS).  The  nature  of  the  interaction 
was  the  sane  as  that  observed  with  early  yields.  Appli- 
cation of  high  rates  of  Cu  with  low  P levels  resulted  in 
a yield  reduction.  High  P rates  with  low  Cu  levels  also 
resulted  in  decreased  yields,  fields  were  highest,  how- 
ever, when  both  elenents  were  present  in  adequate  amounts. 

Interaction  between  fertilizer  placements  and  Cu 
rates  was  also  significant  (Table  17) . The  nature  of  the 
interaction,  presented  in  Table  15,  was  the  same  as  that 
described  for  early  yields.  Without  Cu,  yields  between 
placements  were  the  same.  But  yields  between  placements 
differed  significantly  with  an  Increase  in  Cu  application. 
With  the  band  placement,  yield  was  highest  at  4.48  kg  Cu/ 
ha  axid  slightly  decreased  beyond  this  application  rate. 
With  the  broadcast  placement,  highest  yield  was  obtained 
at  Cu  application  rate  of  8.96  kg/ha. 

No  significant  effect  on  total  yields  was  attribut- 
able to  P sources.  Comparable  yields  were  produced  by 
treatments  grown  with  the  different  sources  of  P.  Main 
effects  of  P sources  are  shown  in  Table  19. 

Main  effects  of  fertilizer  placement  on  total  yields 


Effects  of 


Cu  ratey.  Kg/ha 


^Mean  P rate  effects  were  cubic  at  the  1%  level  of  eignif- 

yHean  Cu  rate  effects  were  linear*  quadratic*  and  cubic  at 
the  It  level  of  significance. 
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Table  19.  Main  effect*  of  P source  and  fertiliser  plaoe- 
aent  on  the  total  yields  of  cucumbers,  1972. 


Total  yield 
t/ha 


Fertilizer  alacement^ 


Broadcast 


source  effects  were  not  significant. 

^Difference  between  placements  was  significant  at  the  14 


with  the  broadcast  placement  (33.72  t/ha)  than  with  the  ban 
placement  (25.31  t/ha]. 

Mineral  Composition  of  Plant  Tiasuea  30  Days  after  Planting 


Application  of  Co  to  the  soil  resulted  in  increased 
levels  of  Co  in  the  tissues  but  did  not  affect  tissue  P ar 
Fe  concentrations.  On  the  other  hand,  P applications  de- 
creased Cu  and  Fe  contents  but  increased  tissue  P levels 


significantly.  The  main  effects  of  P sources,  P rates  and 
Cu  rates  on  tissue  composition  at  30  days  after  planting 
and  at  harvest  are  ahown  in  Table  20. 

Tissue  Cu  levels  at  30  days  after  planting  were  in- 
fluenced by  an  Interaction  between  P and  Cu  rates.  The  ih- 
teraetion  is  shovm  in  Table  21.  Tissue  Cu  levels  increased 
with  increased  Cu  rate  applications  but  the  increase  was 
much  greater  where  P was  not  applied. 

Both  P sources  and  fertiliser  placements  had  no  ef- 


fect on  tissue  P levels 
Cu  levels!  Cu  levels  wit 


significantly  affected  tissue 
5P  were  higher  than  with  the 


An  Interaction  between  Cu  rate  and  fertilirer  place- 
ment on  tissue  Cu  levels  was  also  found  (Table  22] . Cu 
tissue  levels  at  the  0 and  the  2.24  kg  Cu/ha  application 
were  the  same  for  both  plaeaments,  hut,  at  the  higher  Cu 
application  rates  differences  in  tissue  Cu  levels  between 
placements  were  observed  (Table  23) . Tissue  Cu  levels  in- 
creased with  both  placements  with  an  increase  in  the  rate 
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Table  20.  wain  effects  of  P rates,  Cu  rates  and  fertiliser 
placesients  on  mineral  composition  of  plant  tissues,  1972 


Treatment 


P rates,  liq,^a 


ISa  3.2  0.24  99 


S6 


••0**  L-**Q**  L**  L**0**  L**0** 


142 

140 


0.43 

L** 


Fertiliser 

Placements' 


^Rate  effects  were  linear  (I.)  , quadratic  FQ)  , and  cubic  (C) 
at  the  5«  (*>  and  1%  (**1  levels  of  siqtd.f icanee . 

^Difference  between  placements  significant  at  the  54  [•) 


T2bXe  21.  Effects  of  tne  interaction 
the  tissue  Cu  concentrations  30  days 


planting.  1972* 


^Linear  x linear  interactions  between  P and  Cu 
significant  at  the  H level. 


Table  23.  Copper  rate  and  placement  interaction  on 
yield  and  tissue  Cu  concentration  at  harvest,  1972. 


Broadcast  2.2 
^Difference  between 


placement  significant  at  the 


of  Cu  application  bu1 
broadcast  placeaant. 


increase 


greater  with 


Mineral  composition  at  Harvest 

The  analysis  of  variance  of  Cu,  P and  Pe  levels  at 
harvest  are  shown  in  Table  24.  Again,  it  can  he  seen  that 
the  treaUnents  exerted  significant  influence  on  the  mineral 
composition  of  tissues. 

Application  of  Cu  resulted  in  a significant  inorease 
in  the  tissue  Cu  levels  but  significantly  decreased  tissue 
p levels.  The  soil  application  of  P on  the  other  hand,  in- 
creased tissue  P levels  but  decreased  tissue  Cu  levels 
significantly  (Table  20). 

Higher  tissue  P and  Cu  levels  were  obtained  where  OSP 
was  applied.  Placement  also  affected  tissue  P and  Cu  con- 
centrations. Tissue  P was  higher  with  band  placement  and 
Cu  concentrations  was  higher  with  the  broadcast  placement. 
Pertilizer  placements  and  Cu  rates  also  interacted  in  their 
effects  on  tissue  Cu  levels.  Tissue  Cu  levels  were  the 
seme  at  both  placements  at  the  low  Cu  rate  but  differed 
significantly  between  placements  as  Cu  application  rate  was 
increased.  At  higher  Cu  rates,  tissue  Cu  levels  were 
higher  with  the  broadcast  placement. 

Relationship  between  Yields  and  Mineral  Composition  of 

The  correlation  coefficients  between  yields  and  tissue 
mineral  composition  30  days  after  planting  and  at  harvest 


are  presented  in  Table  25.  ft  positive  correlation  was  foand 
between  total  yield  and  early  yield.  At  both  sampling 
periods,  Cu  levels  were  also  positively  correlated  with 
total  yields.  No  correlations  between  total  yield  and 
tissue  P level  30  days  after  planting  existed,  but  tissue  P 
level  at  harvest  was  negatively  correlated  with  total  yield. 
Bisiilarly,  Pe  levels  at  both  sampling  dates  were  negatively 
correlated  with  total  yields. 

Early  yields  were  positively  correlated  with  Cu 
levels  at  both  sampling  dates.  But  Fe  levels  at  both 
sampling  dates  and  tissue  P levels  at  harvest  were  all  neg- 
atively correlated  with  early  yields. 

thirty  days  after  planting  no  correlation  was  found 
between  Cu  levels  and  P levels  in  the  plant  tissues 
(Table  26).  But  Fa  was  positively  correlated  with  Cu  and 
negatively  with  P levels.  Significant  correlations  also 
existed  in  the  levels  of  elements  between  sampling  dates. 

Pooled  Analysis  of  Data  from  1971  and  1072  Field 


In  order  to  evaluate  the  overall  effects  of  treat- 
ments over  the  two-year  period,  experimental  data  from  1971 
and  1972  were  pooled  and  treated  statistically. 

Since  total  and  early  yields  were  highly  and  posi- 
tively correlated,  emphasis  in  the  pooled  analysis  was 
given  only  to  total  yields. 
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Table  25.  Correlation  Between  early  and  total  yields  and 
mineral  composition  of  plant  tissues  at  two  sampling  dates 
1572 


Early  yield 

30  days  after  oiantinq 


Total  yield Early  yield 

Correlation  coefficient,  r 


-0.3795* 


^Significant 


variance  of  yields  and  mineral  compo- 


The  analysis  of 
sition  of  plant  tiesues  is  presented  in  Tables  27,  2B,  and 
29.  Significance  variations  in  yields,  except  for  the  in- 
teraction between  Cu  and  fertiliser  placement,  were  all  cue 
to  main  effects  of  P sources,  P rates,  Co  rates  and  ferti- 
liser placements. 

The  effects  of  Cu  application  on  total  yield  were 
linear,  quadratic  and  cubic.  Yield  increased  with  increases 
in  Co  application  rates.  It  can  be  seen,  however,  that  con- 
siderable Increase  in  yield  was  only  obtained  with  an  in- 
crease in  Cu  applications  from  0 to  2.24  kg/ha  (Table  30) i 
Cu  application  beyond  2.24  kg/ha  rate  resulted  in  a slight 
increase  in  total  yield. 

The  effect  of  Cu  rates  on  total  yield  was  independent 
of  P rates  or  P sources  but  not  of  fertilizer  placements. 

An  interaction  between  Cu  rates  and  fertiliser  placemente 
was  significant.  Without  Cu,  yields  were  similar  for  both 
placements.  An  increase  in  Cu  application  increased  yields 
with  both  placements.  Maximum  yield  was  obtained  at  the  Cu 
application  rate  of  8.96  kg/ha  with  both  placements.  How- 
ever, yield  increased  153,9  percent  with  broadcast  place- 
ment and  only  81.8  percent  with  band  placement.  Table  31 
shows  the  interaction. 

Main  effects  of  P rates  on  yield  were  also  signifi- 
cant. Rate  effects  were  both  quadratic  and  cubic.  The  ap- 
plicatxon  of  20  kg/ha  increased  total  yields  from  15.01  to 
21.23  t/ha.  But  further  Increases  in  P applications 
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Tabl«  31.  Effects  of  Cu  rates  x placement  interactions 
total  yields  and  tissue  Cu  concentrations  at  harvest 


^Difference  between  placements  significant 


yields. 


resulted  in  slight  decreases  in  total 

Main  effects  of  P sources  on  yields  were  also  signi- 
ficant. Of  the  three  sources,  significantly  higher  yield 
was  obtained  with  OSPi  yields  with  DAP  and  CSP  were  conpar- 

The  effect  of  fertilizer  placements  on  total  yield 
was  also  significant.  Total  yields  were  significantly 
higher  with  the  broadcast  placement  than  with  the  band 
placement. 

Mineral  Composition  of  Plant  Tissues 

The  application  of  increased  rate  of  Cu  to  soil  re- 
sulted in  increased  levels  of  Cu  in  the  plant  tissues  at 
both  sampling  periods,  but  decreased  tissue  P concentration 
at  harvest:  Cu  rate  had  no  effect  on  tissue  P level  at  30 
days  after  planting  (Table  30) . 

The  upplication  of  increased  rates  of  P increased  P 
levels  in  the  tissues  but  significantly  reduced  tissue  Cu 

An  interaction  between  Cu  rate  and  fertilizer  place- 
ment on  tissue  Cu  levels  30  days  after  planting  was  found. 
The  interaction  is  shown  on  Table  31.  There  was  no  differ- 
ence in  tissue  Cu  levels  between  placement  at  lower  Cu  ap- 
plication. But  at  the  higheet  Cu  application  rate  (8.90 
hg/ha) , tissue  Cu  level  with  the  broadcast  placement  was 
significantly  higher  than  with  the  band  placement. 


Greenhouse  ExperimentB 


Solution  Culture  Experljpent,  1972 

Effects  of  Cu  and  P rates  on  dry  mstter  yield  and  Mineral 


The  effects  of  Cu  rate  on  dry  matter  production  of 
cucumber  harvested  4S  days  after  seeding  were  linear  and 
quadratic  (Table  32).  Hithout  Cu,  mean  dry  matter  yield 
per  plant  was  4.1  g (Table  33) . With  an  increase  in  Cu  rate 
from  0 to  0.02  ppm,  dry  matter  yield  was  increased  to  11.2  g 
However,  a further  increase  in  Cu  application  to  0.20  ppra 
resulted  in  a decrease  in  dry  matter  to  9.fi  g/plant. 

Effects  of  Cu  rates  on  yield  ware  independent  of  P ef- 
fects. The  main  effect  of  P on  dry  matter  yield  was  signif- 
icant. Plant  yield  increased  with  an  increase  in  the  P rate 
from  0 to  60  ppm.  However,  yield  was  slightly  decreased 
when  P application  rate  was  Increas'id  to  120  ppm. 

The  application  of  Cu  increased  Cu  but  significantly 
decreased  P levels  in  the  plant  tissues.  The  application 
of  P,  on  the  contrary,  reduced  Cu  but  raised  tissue  P con- 
centrations. However,  the  correlation  coefficient  between 
Cu  and  P in  the  plant  tissues  was  not  significant  (Table  34) 

Solution  Culture,  1973 

This  experiment  was  similar  to  the  1972  solution 
culture  experiment  except  for  one  major  aspect:  source  of  K 


Table  33.  Main  effects  of  P and  Co  rates  on  dry  natter 
yield  and  mineral  composition  of  plant  tissues,  solution 
culture  experinant,  1972 


Mineral  Composition 


ISS 


*Bate  effects  were  linear  (L) , quadratic  (0) , and  cubic 

(C)  at  the  5%  I*)  and  H {**)  levels  of  significance. 


Table  34.  correlations  between  levels  of  minerals  in  t 
plant  tissues  in  the  solution  culture  experiment,  1972 


Elements 
in  the  plant 

Elements  in  the  plant  tissues 

c. 

Correlation  coefficients 

--0.0763  -0.4478** 

^Significant 


and  Noj-N)  was  introduced  as  a variable  factor. 
Effects  of  Cu  on  dry  matter  yield 

There  was  a linear  increase  in  dry  natter  yield  with 
an  increase  in  Cu  applications  (Table  35).  The  main  effects 
of  Cu  rate,  P rate  and  source  of  N on  dry  weight  and 
mineral  composition  and  plant  tissues  are  presented  in 

were  4.4.  4.7  and  4.8  g/pot,  respectively. 

A Cu  -P  interaction  significantly  Influenced  dry 
natter  weight  yields  (Table  37).  At  the  lowest  P rate,  dry 
weights  increased  linearly  with  an  increase  in  the  Cu  rates 
from  0 to  0.2  ppm.  At  the  higher  P rates,  dry  weights 
decreased  with  similar  increase  in  Cu. 

Effects  of  Cu  application  on  mineral  composition  of  plant 

Levels  of  P,  Ca  and  Pa  in  the  plant  foliage  were  not 
significantly  affected  by  the  rate  of  Cu  applied.  However, 
there  was  a slight  decrease  in  the  concentration  of  P in 

Fe  levels  on  the  other  hand  were  slightly  Increased  by  in- 
creased Cu  rate  (Table  3«) . 

The  effects  of  Cu  application  on  Hg  and  K levels 
were  linear  and  gusdratlc.  The  concentrations  of  K in  the 

0.02  and  0.20  ppm.  Hg  concentration  increased  with  an  in- 
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crease  in  the  rate  of  Ca  applies.  At  Ca  rates  of  0,  0.02 
and  0.20  ppsi.  Mg  concentration  in  the  plant  tissues  were 
0.48.  0.54  and  0.51  percent,  respectively. 

The  effect  of  Cu  application  on  dry  matter  and  mineral 
composition  of  plant  tissues  were  independent  of  the  source 
of  H applied  (Table  35) . 

Effects  of  p on  dry  matter  yield  and  mineral  coipposition  of 


Main  effects  of  P rate  on  dry  matter  yield  were  not 
significant.  The  levels  of  minerals  in  the  plant  tissues 
were,  on  the  other  hand,  significantly  affected  by  the  rate 
of  P applications.  As  the  rate  of  applied  P was  increased, 
Cu,  Ca,  Mg  and  Pe  concentrations  in  the  tissues  were  re- 
duced but  P and  K concentrations  were  increased  (Table  36) . 

Effects  off  sources  of  M on  dry  matter  yield  and  mineral 


A significantly  higher  dry  matter  yield  was  obtained 
from  plants  grown  with  NOj-N  than  with  Dry  weights 

were  6.5  g/pot  with  NOj-N  and  2.6  g/pot  with  HH*-N  (Table 
36)  . 

Tissue  concentrations  of  Co  and  K were  significantly 
affected  by  sources  of  N.  Tissues  of  plants  grown  with 
BOl-N  had  higher  contents  of  Cu  than  those  grown  with  the 
The  effects  of  sources  of  N on  R were  opposite  to 
that  of  Cu.  K concentration  in  the  plant  tissues  was 


significantly  affected  by  the  sources  of  Hi  concentrations 
of  these  elements  were  slightly  lower  in  plants  grown  with 


Correlations 

Dry  natter  yield  was  positively  correlated  with  CUr 
Ca,  Mg  and  fe  concentrations  in  the  tissues  (Table  38] i R 
concentration  in  the  plant  tissue  was  negatively  correlated 
with  dry  natter  yield.  There  was  no  correlation  between 
dry  natter  yield  and  tissue  P levels. 

Correlation  between  the  various  minerals  in  the  plant 
tissues  are  shown  in  Table  39.  Significant  correlations 
were  found  between  Cu  and  K,  and  Fe  concentrations  in  the 
plant  tissues!  P concentrations  correlated  significantly 
with  Mg  and  K. 

Soil  Culture,  1972 


In  both  soil  culture  experiments  (1972  and  1973), 
plant  growth  was  variable  and  vigor  was  low.  Cu  deficiency 


Effects  of  Cu  and  P rates  on  dry  matter  yield  and  mineral 


The  effect  of  rate  of  Cu  application  on  dry  matter 
was  linear  and  quadratic  (Tables  40  and  41) . Xn  in- 


Table  36.  Correlation  between  dry  matter  yield  and  concen- 
trations of  minerals  in  the  plant  tissues,  solution  culture 
experiment,  1973 


Correlation  witA 
dry  matter  yield 


^Significant 


lable  41.  Main  effects  of  P and  Cu  rates  on  dry  inatter 
yield  and  mineral  composition  of  plant  tissues,  soil 


Treatment yield,  wt/pot 


Mineral  ooraposltion 
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^ate  effects  were  linear  (L)  and  quadratic  (Q]  at  the 
5t  (*)  and  1ft  (**)  levels  of  significance,  respectively. 


yield  from  1.5  to  2.4  g/pot.  A further  increase  in  Cu  rate 
to  2.0  ppra  increased  dry  matter  yield  from  only  2.4  to  2.9 
g/pot. 

The  main  effect  of  P on  dry  matter  yield,  however,  was 
significantly  quadratic.  An  increase  in  yield  was  obtained 
with  P applications  up  to  30  ppm.  Application  rates  higher 
than  3Q  ppm  resulted  in  yield  reductions.  Effects  of  Cu 
and  P were  independent. 

Tissue  Cu  concentration  was  not  influenced  by  soil  ap- 
plications of  Cu  (Tables  40  and  41).  But  P and  Fe  concen- 
trations in  the  tissues  were  affected  significantly  by  the 
rate  of  Cu  applications.  Increased  rate  of  Cu  applications 
resulted  in  decreased  concentrations  of  P and  Fe  in  the 
plant  tiasues.  On  the  other  hand,  P applicatione  had  no  ef- 
fect on  Cu  concentrations  in  the  tissues  but  significantly 
affected  the  levels  of  tissue  P and  Fe.  Concentrations  of 
P and  Fe  in  the  tissues  increased  with  increased  rate  of  P 
applications. 


Soil  Culture.  1973 

Dry  matter  yields  were  not  significantly  influenced  by 
rate  of  Cu  or  P application  (Table  42) . With  P rates  of  15, 
30,  60,  and  120  ppn,  dry  matter  yield  were  4,6,  5.4,  5.1, 


and  5.0  g/pot,  respectively;  with  Ci 
yielde  ranged  from  4.8  to  5.2  g/pot 
Cu  in  the  tissues  increased  wi 


application,  This  significant  effect  was  both  linear  and 


Table  43.  Main  effects  of  P and  Cu  rates  on  dry  natter 
yield  and  mineral  composition  of  plant  tissues,  1973  soil 
culture  experiment 


Trea  tjient yield 

P rates,  ppm  g/pot 


Mineral  composition 


^Rate  effects  were  linear  CL)  and  quadratic  (Q)  at  tne  91 
(•)  and  11  C**J  levels  of  significance. 


quadratic.  Kate  of  Cu  application,  however,  hod  no  effect 
on  tissue  P levels  but  it  significantly  affected  Fe  concen- 
trations in  the  tissue.  Tissue  Fe  was  increased  by 
increased  rate  of  Cu  applications  (Table  43] . The  concen- 
tration of  P in  the  plant  tissue  increased  linearly  with 
increased  rates  of  P application. 


DISCUSSION 


The  results  of  the  1971  and  1972  experiments  pertain- 
ing to  the  influence  of  Cu  rates  on  cucuafcer  yields  were 
consistent.  In  both  years  the  application  of  Cu  at  various 
rates  resulted  in  increased  early  and  total  yields.  law 
yields  and  in  some  cases  death  of  the  young  growing  seedl- 
ings ware  the  results  when  Cu  was  not  applied  or  applied  in 
low  amounts.  Total  yields  were  increased  approximately  400 
percent  in  the  1971  experiment  and  approximately  100  per- 
cent in  the  1972  field  experiment  with  the  application  of 
increased  rates  of  Cu.  Significant  increases  in  dry  matter 
yields  due  to  Cu  applications  were  also  observed  in  two  of 
the  greenhouse  experiments,  A positive  response  to  Cu  ap- 
plication was  also  noted  on  the  ooncentratione  of  Cu  in  the 
plant  tissues.  Increased  rate  of  Cu  applications  resulted 
in  a significant  increase  in  the  concentrations  of  Cu  in 
the  plant  tissues  in  the  field  and  greenhouse  experiments. 

The  response  of  cucumber  to  Cu  applications  can  be  ac- 
counted for  in  part  by  the  low  level  of  available  Cu  in  the 
soil.  The  soil  used  in  the  present  study  was  analysed  for 
Cu,  using  O.IN  HCl  as  extractant,  and  was  found  to  contain 
approximately  I ppm  of  extractable  Cu.  A number  of 
investigations  pertaining  to  Cu  fertilisation  of  watermelons 
on  areas  with  soil  similar  to  the  one 
B4 


conducted 


used  in  the  present  study.  Results  of  such  studies  have 
shown  high  yield  responses  of  watermelons  to  Cu  applications 
(55,  56,  57,  5B) . 

Cucumbers  responded  very  well  to  Cu  applications. 
Haxinucn  yield  was  obtained  at  the  highest  level  of  Cu 
considered  in  the  study  (0.96  hg/ha).  Tissue  Cu  levels 
were  positively  correlated  with  yields.  However,  the  level 
of  Cu  in  the  plant  tissues  was  not  a good  basis  to  determine 
the  plant  requirement  for  Cu.  Tissue  Cu  concentration 
varied  considerably  at  different  stages  of  growth  and  from 
one  season  to  another.  In  1971,  Cu  deficiency  symptoms 
were  frequently  observed  with  plants  having  tissue  Cu  con- 
centration of  approximately  3.2  ppm  at  the  harvest  stage. 

In  1972  season,  2.7  ppm  Cu  in  the  tissue  appeared  to  be  an 
adequate  level. 

It  had  been  previously  reported  on  watermelons  that 
high  rate  of  P applications  might  result  In  the  reduction 
of  yields  due  to  an  induced  Cu  deficiency.  Everett  et  al. 
(29)  found  that  watermelon  yields  were  significantly  af- 
fected by  an  interaction  between  Cu  and  P.  The  addition  of 
one  of  these  elements  without  the  other  resulted  in  no 
significant  increase  in  yield.  Yield  was  highest  with  the 
addition  of  both  elements.  Locascio  et  al.  (57)  reported 
that  the  application  of  high  P rate  increased  the  concen- 
trations of  P in  the  watermelon  tissues  but  decreased 
tissue  Cu.  They  also  reported  that  without  the  addition  of 
Cu,  high  P applications  resultsd  in  a yield  reduction. 


Results  sijnilar 


meotioned  above 


obtained 


in  the  two  field  and  solution  culture  experiments  in  ttie 
present  study.  In  the  1971  experiment,  Che  interaction 
between  Cu  and  P was  not  significant,  nevettheless,  there 
were  clear  indications,  especially  at  high  rates  of  Cu,  that 
P reduced  an  apparent  Cu  toxicity.  In  the  1972  experiment, 
the  interaction  between  Cu  and  P yields  was  significant. 
Yields  were  lower  when  either  of  the  elements  was  applied 
in  very  low  amounts.  However,  yield  was  highest  when  both 
elements  were  present  in  optimum  amounts.  Depression  in  Cu 
uptake  with  increased  applications  of  P was  observed  in  the 
solution  culture  experiments.  At  high  levels  of  applied  P, 
Cu  concentrations  in  the  tissues  were  reduced  in  both 


solution-culture  experiments.  But  in  the  two  soil-culture 
experiments,  there  was  no  indication  that  Cu  concentration 
in  the  plant  tissues  was  depressed  even  at  P application 

Previous  workers  attributed  the  inducement  of  Cu  de- 


ficiency by  high  rates  of  P application  to  fixation  of 
available  Cu  by  P (44>.  Later  workers  f32)  indicated  that 
the  depression  of  Cu  availability  by  high  rates  of  P ap- 
plication may  be  related  to  a reduced  solubility  of  Cu  as 
a result  of  ? coating  around  copper  sulfate  crystals.  This 
explanation  of  depression  of  Cu  availability  involved 
either  physical  or  chemical  reaction  between  Cu  and  P. 
Dekock  et  al.  {22)  suggested  a different  explanation  for 
Cu-P  interaction.  They  stated  that  P application  did  not 


depress  Cu  availability  but  the  increased  growth  and  the 
increased  demand  for  Ca  resulted  in  Cu  deficiency.  Where  Cu 
was  in  limited  supply  in  the  soil,  the  application  of  high 
rates  of  P could  enhance  the  deficiency  of  Cu.  Present  in- 
vestigations may  support  the  latter  explanation  of  Cu-P 
relation  because  of  the  lack  of  consistency  in  the  occur- 
rence of  the  interaction.  In  the  present  study  consisting 
of  six  experiments,  the  interaction  between  Cu  and  P was 
significant  only  in  one  experiment  (1972  field  experiment). 
In  the  two  soil  culture  experiments  high  rates  of  P appli- 
cation did  not  depress  or  even  show  any  tendency  that  it 
depressed  Cu  aveilability  to  plants.  In  a previous  study, 
Bingham  (12)  also  failed  to  induce  significant  depression 
of  Cu  availability  by  the  application  of  P.  The  fact  that 
high  rate  of  P application  did  not  invariably  result  in  the 
depression  of  Cu  availability  or  upta)te  made  it  more  at- 
tractive to  suppose  that  the  Cu-P  i.iteraction  was  more  of  a 
biological  response  rather  than  a physical  or  chemical  type 
reaction.  Moreover,  the  application  of  other  elements  to 
plants  which  result  in  the  enhancement  of  growth  could  also 
induce  Cu  deficiency.  For  instance,  Labanaus}tas  et  al . (52) 
reported  that  heavy  application  of  N significantly  reduced 
Cu  and  B contents  of  avocado  leaves. 

In  the  present  study,  application  of  high  amounts  of 
Cu  also  resulted  in  slight  reductions  in  tissue  P.  Cain 
(17)  pointed  out  that  decrease  in  the  leaf  tissue  concentra- 
tion of  an  element  does  not  represent  decreased  absorption 


but  such  decrease  laay  be  due  to  a growth  dilution  effect 
and  to  changes  in  the  distribution  of  such  an  element  with- 
in the  plant.  He  added  further  that  one  kind  of  ion  has 
little  if  any  direct  effect  upon  the  total  absorption  of 
another  ion  by  the  plant.  The  percentage  composition  of 
one  ion  may  be  decreased  by  the  application  of  another  if 
its  rate  of  absorption  doea  not  keep  pace  with  the  rate  of 
growth  stimulated  by  the  added  ion. 

Data  in  the  present  etudy  further  indicated  that  the 
Interaction  between  Cu  and  P was  not  a soil-mediated 
reaction.  The  apparent  depression  in  the  tissue  Cu  concen- 
tration due  to  high  P rate  was  noted  even  among  plants 
growing  in  nutrient  solution. 

Excessive  P application  may  not  only  enhance  defi- 
ciency of  other  limiting  elements  hut  P at  excessive  rates 
may  have  toxic  effects  (36J . Apparent  toxicity  of  P at 
high  rates  was  also  observed  in  this  study!  P rates  higher 
than  28  kg/ha  resulted  in  decreased  yields. 

Of  the  three  P sources  considered  in  the  present 
study  [OSP,  DAP  and  CSP) , highest  yields  were  obtained  with 
OSP,  and  the  lowest  yields,  with  CSP  and  DAP.  These 
results  agreed  with  the  results  obtained  by  previous 
workers  {5?) . 

OSP  probably  contains  more  impurities  than  such  ferti- 
liter  materials  as  DAP  and  CSP  (97).  Such  impurities  became 
critical  when  the  limiting  element (s)  in  the  soil  are  among 
those  found  as  impurities.  It  is  quite  possible  that  the 


better  yielfl  and  growth  performance  of  planta  grown  with  the 
OSP  was  due  to  the  impurities  present  in  the  fertiliser. 

From  a statistical  viewpoint,  CSP  and  MP  were 
comparable  but  there  were  indications  that  diaimoniun 
phosphate  was  the  poorest  source  of  P [Table  30) . The  poor 
performance  of  watermelon  plants  with  dlammonium  phosphate 
was  attributed  by  Locascio  et  al.  (h7)  to  a possible  reduc- 
tion in  Cu  availability  due  to  increased  pH  resulting  from 
the  application  of  diamnonium  phosphate.  Data  on  tissue 
analyses  of  cucumber  in  the  present  study  did  not  indicate, 
however,  that  Cu  availability  was  depressed  more  with  the 
application  of  BAP  than  with  CSP.  For  this  reason,  it  is 
probable  that  process  or  processes  other  than  depression  of 
Cu  availability  could  have  brought  about  a yield  reduction 
greater  than  those  grown  with  concentrated  superphosphate. 

In  the  greenhouse  experiments  with  nutrient  solutions, 
the  sensitivity  of  cucumber  plants  to  NhJ-N  was  demonstrated. 
Plants  grown  with  NH*-N  produced  much  lower  dry  matter  yield 
than  those  grown  with  tJOj-N.  The  sensitivity  of  some  plants 
to  NH.-N  had  been  previously  reported  (60,  63) . Vines  and 
Wadding  (86)  reported  a mechanism  for  ammonium  toxicity. 

They  believed  that  gaseous  and  undissociated  aqua  ammonia  in 
equal  concentrations  tended  to  Innibit  respiration.  It  is 
possible,  therefore,  that,  with  DAP  as  the  source  of  P the 
NhJ-n  could  adversely  affect  NH*-sensitive  plants  especially 
under  conditions  of  low  nitrification. 

Results  of  the  1971  and  1972  field  experiments  gave 


sufficient  evidence  that  broadcast  placement  was  a more  ef- 
ficient method  of  applying  P and  Cu  fertilizers  for 
cucumber  plants.  In  both  years^  yields  obtained  with  the 
broadcast  placement  were  higher  than  with  the  band  place- 
ment. There  was  a yield  difference  of  as  much  as  QO  per- 
cent between  placements. 

In  both  years  there  were  significant  interactions 
between  Cu  rates  and  fertilizer  placement.  The  interactions 
were  probably  related  to  the  phytotoxicity  of  Cu  at  the 
higher  Cu  rates.  This  property  of  Cu  as  a nutrient,  makes 
fertilizer  placement  a very  important  factor  especially  at 
high  rates  of  Cu  application  (59). 


conducted  to  determine  the  following: 


(1)  the  effects  of  Cu  rates  on  cucumber  production,  (2)  the 
effects  of  P rates  and  sources  and  fertiliser  placements  on 
cucumbers,  and  (11  to  study  the  relationship  between  Cu  and 


Two  similar  field  experiments  were  conducted  during 
1971  and  1972,  and  four  greenhouse  experiments  during  1972 
and  1971.  The  treatments  in  the  field  experiments  were  80 
factorial  combinations  of  three  P sources  (OSP,  DAP  and 

(0,  2.24,  4,4S  and  8.96  kg/ha) , and  two  fertilizer  place- 
ments (band  and  broadcast).  In  the  greenhouse,  two  of  the 
experiments  were  conducted  with  potted  soli  and  two  experi- 
ments with  nutrient  solutions.  With  the  first  soil  experi- 
ment, treatments  were  factorial  combinations  of  three  Cu 
rates  (0,  0.02  and  2 ppm]  and  five  P rates  0,  IS,  30,  60 
and  120  ppm).  In  the  second  experiment  with  soil,  treat- 
ments were  combinations  of  three  Cu  rates,  0,  1 and  2 ppn 


solution  culture  experiment, 
factorial  combinations  of  three 


91 


treatments  consisted 


second  nutrient  solution  experiment,  F cates  were  30,  60  and 
120  ppm  and  Cu  rates  were  0,  0.02  and  0.2  ppm.  In  addition 
to  Cu  and  P rates,  source  of  H (NH^  and  NOjj  was  also  varied 
in  the  second  solution  culture  experiment.  In  all  green- 
house experiments,  the  source  of  Cu  was  copper  sulfate 
(26. 4t  Cu) . The  P was  obtained  equally  from  mono-  and  dt- 
sodium  phosphate.  In  all  experiments,  'Poinsett'  cultivar 

Results  of  the  field  experiments  showed  that  eucuciber 
yields  increased  significantly  with  increased  rates  of  Cu 
application.  The  large  increases  In  yield  was  obtained 
with  an  increase  in  the  rate  of  Cu  applications  from  0 to 
2.24  kg/ha.  Applications  higher  than  2.24  kg/ha  of  Cu 
resulted  in  only  slight  but  significant  increases  in  yield. 
Increased  applications  of  P from  0 to  29  kg/ha  also 
resulted  in  large  increases  in  yield  but  applications  beyond 
29  kg/ha  slightly  decreased  cucumber  yields. 

Pooled  analysis  of  the  two-year  data  showed  an  inter- 
action between  P and  Cu  rates  for  early  yields.  At  low  Cu 
application  rates,  yields  were  reduced  with  increases  in  the 
rate  of  applied  P.  Yield  was  highest,  however,  when  both 
elements  were  applied  in  higher  amounts.  A similar  relation- 
ship between  applied  Cu  and  P rates  seemed  to  exist  for  the 

Yields  were  significantly  affected  by  P sources  and 
fertilizer  placements,  (iigheat  yield  was  obtained  from 
plants  fertilized  with  P from  OSP.  The 


broadcast  fertilizer 


placement  was  superior  to  band  applications.  However, 
fertiliser  placement  interacted  with  Cu  rate  effects.  In- 
creases in  yield  with  increased  rates  of  applied  Cu  were 
greater  with  broadcast  placement  than  with  band  placement. 

Significant  effects  of  P and  Cu  applications  were 
observed  on  the  mineral  composition  of  plant  tissues. 

Tissue  Cu  levels  increased  with  soil  Cu  application  but  de- 
creased with  increased  P applications.  Tissue-P  levels 
increased  a 100»  with  increased  P applications  but  were 
only  slightly  affected  by  Cu  rates. 

A positive  correlation  between  yield  and  tissue  Cu 
concentration  was  founds  P conoentratlon  in  the  tissues, 
however,  was  found  to  be  correlated  negatively  with  yields. 
Significant  correlations  between  tissue  P and  tissue  Cu  con- 
centrations were  negative. 

In  general,  results  of  the  greenhouse  experiments  per- 
taining to  the  effects  of  Cu  and  P rates  on  dry  matter 
yields  and  mineral  composition  of  plant  tissues  agreed  with 
those  of  the  field  experiments,  In  the  soil  experiments, 
dry  matter  yields  increased  as  Cu  application  rates  in- 
creased from  0 to  1 ppm.  Similarly,  the  application  of  P 
at  30  P£XD  resulted  in  increased  yields.  Higher  P rates 
decreased  dry  matter  yields.  In  the  water-culture  experi- 
ments, optimum  levels  of  Cu  and  P were  found  to  be  approxi- 


respectively. 
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